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VARIATION IN TIMING AI'lD ABUNDANCE OF ELFINS (CALLOPHRYS) 
(LEPIDOPTERA: LYCAENIDAE) IN 
WISCONSIN 
DURING 1987-1999 
Ann B. Swengel and Scott R. Swengell 
ABSTRACT 
In 
Wisconsin 
during 1987-1999, we recorded elfin (Callophrys) individu­
als on 
154 
of 254 observation dates between 2 April and 11 July. The frosted 
elfin (C. irus) occurred 
only 
in central Wisconsin; brown (C. augustinus), 
hoary (C. polios), and Henry's (c. henrici) elfins in central and northern Wis­
consin; and eastern pine elfin (C. niphon) from southern to nor hern Wiscon­
sin. Most individuals were eastern pine elfins, which occurred at the most 
sites, 
while 
Henry's elfin had the fewest individuals and sites. All five elfins 
occurred in the most f quently visited subregion (central Wisconsin), where 
they all had similar median and mean observation dates 
for 
all study years 
pooled. For m st elfins, the number of individuals observed per year covaried 
significantly w th the span of days between first and last observation dates 
that 
year. 
Within species, mean and median observation dates in the earliest 
year(s) always occurred before th  first observation d te in the latest year(s). 
We compared the phenology of the frosted elfin flight period to the timing of 
olympia marble (Euchloe olympia) adults and spring Karner blue (Lycaeides 
melissa samuelis) larvae and adults. The least variable relatio . was the 
date of first mature Karner larva 
(typically before 
first frosted e m adult, 
and bracketing that date by 
only 8 days). Only 
the frosted elfin showed a sig­
nificant 
influence of 
weather (temperature only) on observed density, while 
most 
elfins significantly 
increased the nearer to noontime. We recorded elfins 
in broad ranges of weather 
conditions 
and daily timing. Elfin abundance fluc­
tuated markedly among years based on the mean of peak survey totals at the 
same monitoring sites in central 
Wisconsin 
each year from 1992 or 1993 to 
1999. One "outlier" sit  each for frosted and eastern pine elfins had much 
higher peak survey totals than the other 
sites. 
Abundance fluctuations in the 
outlier and other sites 
did 
not correlate significantly for either species. For 
most 
elfins, 
the percent sites where the species was recorded as pr sent each 
year 
covaried significantly 
with that year's annual mean of peak survey to­
tals. This indicates that the ability to document presence of an 
elfin 
relates 
to the 
species' 
abundance that year. Since elfin abundance and flight t ming 
and length varied 
considerably 
among years, the appropriate time for elfin 
detection must be determined individually 
for 
each year and assessments of 
an 
elfin's 
status and abundance cannot be reliably based on surveys at only a 
few sites or in a few years. 
Five species of elfins (Callophrys Billberg 
1820) 
(Lepidoptera: Ly­
caenidae) have been recorded in 
Wisconsin 
(Opler and Krizek 1984, Scott 
1909 Birch Street, Baraboo, Wisconsin 53913 USA. 
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1986, Glassberg 1999). They complete one generation per year, with the 
adult stage occurring in spring. Brown [C. a. augustinus (W. Kirby 
1837)] and hoary (C. polios Cook and Watson 1907) elfins range widely in boreal 
and montane North America in acidic habitats (bogs, barrens, upland forest 
edges). In the eastern U.S., they use short shrubby heaths (Ericaceae) as 
larval 
food 
plants. The range of the frosted elfin [CaZZophrys i. irus (Godart 
1824)] occurs from northern New England to Michigan and Wisconsin, with 
scattered populations southeast to northern Florida. This subspecies is 
known or inferred 
to 
use wild lupine (Lupinus perennis L.) (Fabaceae) as 
larval host (Kuehn 1983, Gatrelle 1991, Schweitzer 1992, Swengel 1996, 
Nielsen 
1999), 
a perennial herb of open-canopied habitats on xeric, sandy 
soil (Dirig 1994). With a range in the eastern U.S. and adjacent Canada, 
the Henry's elfin [C. h. henrici (Grote and Robinson 1867)] uses various 
flowering shrubs and trees (Aquifoliaceae, Caprifoliaceae, Ebenaceae, Eri­
caceae, Fabaceae, Rhamnaceae, Rosaceae) as host. Usually only one host is 
used in an area, and the host(s) in Wisconsin remain unreported. The east­
ern pine elfin (C. niphon clarki T. N. Freeman 1938), which uses pines 
(Pinaceae) as larval host, ranges throughout the eastern U.S. east of the 
Great Plains and southern Canada east of the Continental Divide. The 
frosted elfin is the only elfin species with legal protection (as a threatened 
species) in Wisconsin (Bureau of Endangered Resources 1999), as well as 
Michigan, bordering to the east (Nielsen 
1999). 
No elfins are listed in Min­
nesota, bordering 
to 
the west (Cutler et al. 1988, Minnesota Department of 
Natural Resources 
1995). In this paper, we analyzed the variation in relative abundance and tim­
ing of adults ofthese 
elfins, 
as observed in formal surveys and informal visits 
at numerous sites in 
Wisconsin 
during 1987-1999. These analyses included: 
(1) 	comparisons of the earliest, latest, mean, and median observation 
dates among four subregions of 
Wisconsin, 
(2) 	
tabulations of these dates by year in central Wisconsin (the most fre­
quently visited 
subregion), 
with tests for significant correlations be­
tween span of observation dates and number of individuals recorded 
wi
thin year, 
(3) 	tests for significant relationships between a species' observation rate 
(individuals recorded per hour of surveying) with geographical, tim­
ing, 
and weather factors, and 
(4) 	comparisons of relative abundance among years (i.e., annual fluctua­
tions) at sites surveyed for many consecutive years. 
We also sought sympatric butterfly species that might be useful for gauging 
the 
phenological 
progress of the frosted elfin. These analyses should prove 
useful 
for designing, 
implementing, and interpreting surveys to research and 
monitor populations of these 
species. 
In our analyses, we gave particular em­
phasis 
to 
the frosted elfin. As it is the elfin species receiving the most conser­
vation attention in 
Wisconsin, 
it would most likely be a particular focus of
surveying, which is 
a 
necessary component of conservation programs (New 
1993, Pollard and Yates 1993). Results for the other elfin species are provided 
not just as natural history information, but as 
a 
context for interpreting re­
sults 
for 
the frosted elfin. The phenological data for all the elfins also provide 
a basis for study of possible future c imate change (Dennis 1993, Kuchlein 
and Ellis 
1997, 
Sparks and Yates 1997). 
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METHODS 
Field observations. 
Since 1986, we conducted formal 
transect surveys 
of adult butterflies along similar routes at each site on each visit, as 
de­scribed in Swengel 
(1996, 1998) 
and Swengel and Swengel (1996, 1997). 
These 
surveys occurred 
at about 160 Wisconsin pine-oak barre s sampled be­
cause of their app rent potential to support barrens-specialized butterflies. 
These sites represent 
a diversity 
of ownerships and land uses, including gov­
ernment or private 
conservation reserves, government-owned 
forest reserves 
for timber harvest, military reservation, and rights-of-way for highways and 
utility 
lines. All sites could 
not be visited each year, but most were visited 
more than once b th within and among years. Most surveys occurred during 
1991-1999. Survey time" and locations were selected especially to study bar­
rens-specialized butterflies, as classified in Swengel (1998). A high priority 
was the 
frosted elfin, 
of lesser priority was the Henry's elfin, while no prior­
ity was 
given to 
other elfin species. 
Walking at a slow pace (1.5-2 kmJhr) on parallel routes 5-10 m apart, we 
counted 
all 
adult butterflies observed ahead and to the sides, to the limit of 
species identification (possibly with binoculars after detection) and ability to 
track 
individuals. Within a 
barrens site, we designated a new sampling unit 
(i.e., subsite) whenever the habitat along the route changed by management 
type and/or year of treatment, 
canopy, 
and/or vegetative qu l ty (based on di­
versity and abu dance of native and exotic flora). We tried to avoid double­
counting an 
individual, 
either within or among units, during a survey at a 
site. For each unit, 
we 
recorded temperature, wind speed, percent cloud 
cover, percent time sun was shining, route distanceand time spent survey­
ing. Data from each unit were kept separate. Surveys occurred during a wide 
range of weather 
conditions 
and times of day. Occasionally surveys occurred 
in intermittent light 
drizzle, so long 
as butterfly activity was apparent, but 
not 
in continuous rain. We kept 
records 
on informal observations of elfins that might occur be­
fore/after a formal survey while we were still at the study site or on informal 
visits to a variety of other sites and habitats in Wisconsin. In these i formal 
observations, sampling did not necessarily follow a set route nor were time 
(duration) and weather recorded. However, numbers of elfin individuals ob­
served 
were 
usually tallied. Butterfly nomenclature follows North American 
Butterfly 
Association (1995). Dataset assembly. The dataset included all 
formal surveys 
and infor­
mal 
observations recording 
any elfin(s), identified or not. These elfin locali­
ties 
were grouped 
into subregions ased on county b undaries (Fig. 1). Lati­
tudinally, subregion 
3 
grouped logically with subregion 4, but we kept 
subregion 3 separate because the sites visited there had a greater in 
habitat to sites in 
2 
than 4. Elfin observations occurred on formal surveys in 
all four subregions. 
We 
included formal 
surveys not recording any elfins, if th y were within 
the span of dates in that 
subregion 
that year when we observed any elfins. 
The 
species 
total was set as zero (so as to include that survey result in analy­
ses) for an elfin i  the survey date occurred within the span of dates that 
species was observed in that subregion that year. Sometimes we recorded one 
or 
a few 
individuals 1-2 weeks outside the regular span of observation for 
that in that 
subregion 
that year. In that case, we did not insert zeroes 
for su veys on dates between those outlier date(s) nd the next nearest date 
of 
observation 
that year, as absence on surveys during that period could be 
attributed 
to 
seasonal timing rather than low numbers of the in the 
site. 
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Lake 
Minnesota 
Iowa 
Illinois 
Figure 1. Map showing boundaries offour study subregions in Wi consin. 
In this dataset, the latitudinal ranges 
for 
the sites in each subregion 
were 43.19-43.61, 43.97-44.70, 45.73-46.09, and 45.36-46.862 N, respec­
tively. The longitudinal r nges were 89.73-90.53, 90.12-91.02, 92.11-92.74, 
and 88.32-92.162 W, respectively. Most sites in subregions 1-3 had sandy 
soils, while the . subregions 2-3 had peat soils and the remaining sites 
in 
subregions 1 
silty loess soils (based on Zimmerman 1991). All these 
soil types, plus heavy clay soil, were represented in the sites of subregion 4. 
To document 
additional 
opportunities to record elfins that turned out to
occur outside the span of dates for our elfin observation in that subregion 
that 
year, we included formal 
surveys before any elfins were observed in that 
year (as early as 
2 April), 
and after (as late as 11 July). These surveys 
weren't 
included 
in elfin analyses (i.e., species totals were set as no value, 
not 
zero), 
but serve only to define the precision of first and last dates of ob­
servation 
we recorded. 
If no formal surveys occurred between 2 April and 11 
July but 
outside 
the span of dates any elfins were observed in that subregion 
4
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that year, we included informal visits during that time period, but only if any 
butterflies of any species were recorded 
(i.e., 
demonstrating that it was 
weather 
conducive to 
butterfly observation) and the visit was to a site where 
we had ever observed elfins. 
We sought other sympatric butterfly species that might be useful for 
gauging the 
phenological progress 
of frosted elfin adults, the only elfin with 
legal conservation status in Wisconsin. We selected olympia marble [Euchloe 
olympia (W. H. Edwards 1871)] and spring larvae and adults of the bivoltine 
Karner blue (Lycaeides melissa samuelis Nabokov 1944), because they are 
easily detected and identified, widely istr buted in frosted elfin habitat, and 
occur before or overlapping with frosted elfin adults. The Karner blue, feder­
ally listed as endangered, is the subject of much surveying in 
Wisconsin, such that 
a 
state-operated telephone hotline provides timely phenological in­
formation 
on 
this butterfly (Wisconsin Department of Natural Resources 
1999). Comparisons occurred only in subregion 2, where all ou  frosted elfin 
observations occurred, and during 1992-1999, when we surveyed most often. 
Phenological events included: 
(1) first date of observation for a 13 mm or la ger larva, 
(2) 	first date for mean 10 mm or larger larvae, 
(3) 	last date before any adults observed (if <7 days before date of first 
adult 
observed), 
(4) 	
first date for adults, 
(5) 	date for "maximum" adults (highest relative density-i.e., individu­
alslhour per unit survey--on 
a single survey), 
(6) 	
date for "peak" adults (highest mean relative density, if >1 site sur­
veyed that date), and 
(7) 	last date for adults. 
Definitions of phenological events and dates for Karner blue ev nts during 
1992-1998 
follow Swengel 
and Swengel (1999). 
Statistical analysis. We calculated first and last observation dates of 
the season 
for 
each species in each subregion for all years pooled (using both 
formal and informal observations). If we observed the species on more tha  
one date, we calculated median and mean observation dates by weighting 
each date by the number of
individuals observed. 
For subregion 2, which had 
the most survey dates, 
we calculated first, 
last, median, and mean dates for 
each 
species 
in each year. Spearman rank correlation was used to test for sig­
nificant relationships between number of days in the 
observed flight period and total number of 
individuals observed. Spearman rank 
correlation 
was used to test observation rates (relative 
densiti s or 
abundances) 
of each study species for patterns relative to: 
(1) geography (latitude and longitude), 
(2) 	timing (beginning time of survey and crepuscularity-Le., difference 
between 
1200 
hr CST and time when unit survey started), and 
(3) 	weather (percent time sun was shining, percent cloud cover-i.e., 
mean of 
beginning, ending, lowest, 
and highest percent cloud cover, 
temperature-i.e., mean of beginning, ending, 
lowest, 
and highest 
temperature, and wind speed-i.e., mean of 
lowest 
and highest wind 
speed). 
We calculated 
observation 
rates as individuals observed per hour in each for­
mal unit 
survey. 
It was necessary to standardize the data as observation 
rates because the routes varied in length among units. Unit surveys were in­
5
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eluded in an analysis only if held on dates during the species' flight period 
(i.e., within the span of dates adults of the species were observed in that sub­
region that year) at sites within the range of the 
species 
recorded during 
these 
surveys. Analysis 
wa  performed at the scale of the unit rather than by 
site, because unit s rveys within the same site varied, sometimes consider­
ably, in vegetative characteristics and weather. The Mann-Whitney U test 
was used 
to 
test for significant differences i  geography, timing, and weather 
on unit surveys during the 
elfin's flight period 
by whether the was 
recorded (in any numbers) or not. 
We computed all statistics with ABstat 7.20 software (Parker, Colorado, 
USA). Significance was i itially set as a two-tailed p<0.05. Since significant 
results 
occurred overall 
at a frequency well above that expected due to spuri­
ous I statistical error, we did not lower th  P value further, as many 
more pe II errors (biologically meanin ful patterns lacking statistical 
nificance) would then be created than Type I errors eliminated. 
Population monitoring. For 
species 
observed in sufficient numbers 
and years (aU 
except Henry's elfin), we identified 
sites surveyed formally for 
the most 
consecutive 
years possible where we had ever recorded the elfin 
species in formal surveying during that period: seven and five monitoring 
sites, respectively, for brown and hoary elfins during 1993-1999; and nine 
and ten sites, 
respectively, for 
frosted and eastern pine elfins during 
1992-1999. We conducted a similar analysis with 17 sites for frosted elfin 
during 
1994-1999. Analysis 
limited to 1994-1999 did not markedly increase 
the sample of 
sites for 
the other elfins. This analysis was limited to subre­
gion 2, where 
we 
conducted the most surveying, so that our peak counts 
would most closely correspond to actual peak in the elfins' flight periods. 
We 
identified 
the peak survey per site per year on formal surveys during 
flight period. In the few instances when we observed the elfin in the subre­
gion on only one dat  in a year and a monitoring site lacked a survey on that 
date, we used a survey from another date for this analysis, if that date oc­
curred 
(1) 
within one week of the single observed dat  an that single date 
occurred around the typical median and mean observation dates, (2) within 
one week after the single observed date if that single date fell near the typi­
cal first observation date for that elfin, or (3) within one w ek prior if that 
single date fell n ar the typical last observation for the elfin. This was neces­
sary 
only for 
brown elfin (for 8 of 49 surveys; once ach for six twice for 
the seventh in 
1997 
and once in 1998) and hoary elfin (for 3 of 35 su ­
veys, twice for one site, once for another site; once each in 1996, 1997, and 
1998). 
In comparisons within species of abundance trends and fluctuations 
among sites and years, the peak survey total (not 
observation 
rate per hour) 
was 
analyzed, since 
survey route and length within a site was held constant. 
For each 
monitoring site, we 
calculated the percentage the elfin was recorded 
as present, 
both by 
year (using peak survey) and for all formal surveys dur­
ing the 
flight period. 
RESULTS During 
1987-1999, we recorded elfin individual(s) on 154 
of 254 observa­
tion dates in the study season 
(Fig. 2), 
and on 82 of 120 dates in the most fre­
quently visited 
subregion (Fig. 3). 
On every date we recorded unidentified 
elf'in(s) in a subregion, other elfin(s) were identified to species. Fr sted elfins 
occurred in only one subregion (2) and eastern pine elfins in al  four, while 
the other 
species occurred 
in the three more northern subregions (Table 1). 
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Figure 2. Dates of observation during the study season (2 April-11 July) and 
study years 
(1987-1999) 
in the entire study region (Fig. 1), by whether any 
elfins (identified to species or not) were observed on that date. 
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Figure 3. Dates of observation during the study season (2 April-ll July) and 
study years (1987-1999) in subregion 
2 
(central Wisconsin) (Fig. 1), by
whether any 
elfins (identified 
to species or not) were observed on that date. 
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Most identified individuals were eastern pine elfins, which occurred at the
most sites, 
while 
Henry's elfin had the fewest individuals and sites (Table 1). 
Elfin flight periods. Median and mean observation dates tended to 
occur progressively 
later the more northerly the subregion, but less so the 
last dates and not 
so 
the first dates (Table 2). Since subregion 3 had the 
fewest survey dates, with none in June, that subregion should either be dis­
regarded or 
combined 
with the latitudinally similar subregion 4 for compar­
isons among subregions. In the most frequently visited subregion (2), hoary 
and eastern pine 
elfins 
had the earliest observation dates, while frosted elfin 
was somewhat later in first and last dates than the other 
elfins except 
east­
ern pine 
elfin, 
which had the latest date. But within subregion 2 and subre­
gions 3--4, the different elfins had s milar median and mean dates. 
All elfin observations in subregion 1 occurred in uplands; most in subre­
gions 2-3 did too, but a few w re in bogs. In subregion 4, the data were ade­
quate 
for subdivision by 
these habitats (Table 2). The first and last dates for 
brown 
elfin 
were later in bogs than uplands, but median and mean dates 
were similar. 
All 
dates for eastern pine elfin were similar between these 
habitats. 
In 
comparisons 
between Michigan (Nielsen 1999) and Wisconsinof cumu­
lative 
elfin flight periods 
based on decades of r cords (Table 3), first dates in 
Michigan were earlier than in 
Wisconsin except vice 
versa for Henry's elfin. 
Recorded flight spans were longer in Michigan than 
Wisconsin 
except for 
Henry's and 
frosted elfins. 
In both state , brown and eastern pine elfins had 
the longest spans, 
followed 
by hoary elfin, while frosted and Henry's elfins 
had the shortest. 
In subregion 
2, 
the frequency of survey dates was sufficient to analyze 
flight periods by year 
(Tables 
4-5). Comparisons among years are more 
meaningful in 1994-1999, 
which 
had more elfin observation dates per year 
than 1987-1993 
(Fig. 3). 
The number of individuals observed per year often 
covaried significantly with the span of days between first and last observa­
tion dates, and 
no 
correlations were significantly negative (Table 6). These 
correlations were significant when the 
lowest 
number of individuals recorded 
in 
a 
year was 0 or 1, but were not significant when >110 individuals were 
recorded in the sample 
(except for 
all elfin species pooled) (cf. Tables 5-6). 
During 
1994-1999, 
mean flight spans per year were 20, 18, 31, 10, and 36 
days 
for 
brown, hoary, frosted, Henry's, and eastern pine elfins, respec­
tively-i.e., 
a 
mean of 56% (range 38-76%) ofthe cumulative flight spans for 
these 
species over all of 
those years. During 1994-1999, variability in timing 
among years 
differed 
by type of date (first, last, median, mean) and species 
(Table 7). The frosted elfin varied least in first and last dates, and brown 
elfin in median and mean dates. The hoary elfin, which had the most years 
(3) with single observation dates (Table 4), varied most in timing except east­
ern pine 
elfin 
varied most in first date. 
The Highway 
X 
powerline corridor had the highest numbers and most 
consistent observations of frosted 
elfin (Fig. 4). We observed 
this species on 
each visit there within the 
flight 
span we recorded for frosted elfm through­
out subregion 
2 
(cf. Fig. 4, Table 4), except for none seen at this corridor in 
the midst of the 
flight 
on 23 May 1994 (in overcast, deteriorating weather), 
at the end of the flight on 
12 
June 1995, and at the start of the flight on 6 
May 
1997. 
At this corridor, we walk down the ditches on either side of the 
highway and return by the 
powerline 
paralleling the highway to the east. To 
avoid double-counting, we do no  record individuals by the power line from 
the ditch 
or vice 
versa. Most individuals (126) were by the powerline, and few 
(21) in the ditches, including dates of highest survey totals: 23 by the power­
line and 5 in the ditches (5 May 1998), 29 and 7 (13 May 1998), and 11 and 3 
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Table L Thtal individuals (total) and number of sites (sites) recorded for ea h and total observation dates (total) of any elfin
(identified or not), and total number of sites (sites) visited on dates shown in Fig. 2, subregion (mapped in Fig. 1). The number of N 
dates per subregion sums to >154 because on  few dates, elfins were recorded in more one subregion. o o 
Subregion 1 Subregion 2 Subregion 3 Subregion 4 Subregion 4 All o 
upland subregions 
sites total sites total sites total sites total sites total sites 
Brown elfin 100 26 7 3 85 11 221 16 413 56 
Hoary 
elfin 130 29 26 9 117 6 273 44 Frosted 
elfm 350 41 350 41 Henry's 
elfin 15 
13 14 6 1 1 30 20 
Eastern pine 
elfin 60 12 341 45 12 1 115 14 7 4 535 76 
-I 
Unidentified elfin 1 154 5 42 4 206 
m 
I 
G)Observation dates 31 82 8 29 14 154 ;>0 
N study sites 13 136 24 22 17 212 m 2:; 
:; 
A 
m 
Table 2. First and last observation dates of th  season for each elfin, a d median and mean dates if recorded on > 1 day, by subregion, V> m 
and first and last observation dates (as in Fig. 2) for each subre ion. Z 
Subregion 1 Subregion 2 Subregion 3 Subregion 4 Subregion 4 ~ 
upland 
bog o First-last dates 
Brown 
Hoary 
Frosted 
E. 
Median/mean dates 
Brown 
Hoary 
Frosted 
Henry's 
E. Pine 
First-last dates 
Observation 
26 Apr-05 J un
11 
May/14 May 
2 
Apr-7 Jul 
30 Apr-06 ,Tun 
28 Apr-06 Jun 
04 
May-14 Jun 
04 May-30 May 
28 Apr-26 ,Tun 
17 
May/16 May 
16 May/17 May 
20 
May/20 6 /19 May 
19 May/20 May 
13 Apr-ll Jul 
23 May-25 
May 
28 Apr-25 
May 
23 May-26 
May 
28 Apr-26 
25 May 
25 May 
24 May/24 May 
26 May/20 May 
28 
Apr-26 May 
26 Apr-20 Jun 
20 May-13 Jun 
28 Apr-14 Jun 
30 May/28 May 
2:! 
Mav/26 May 
24 May/27 May 
2Apr-24Jun 
6 
G)21 May-25 Jun U) 
-l 
28 May 
28 
Apr-I:! 
Jun 
24 May/29 May 
24 May/22 May 
th 
W 
28 Jun 
9
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Table 3. Cumulative flight spans based on decades of records for the study species in 
Michigan and 
Wisconsin, 
where the elfins' ranges are similar latitudinally except 
frosted elfin's recorded range is narrower in Wis nsinthan Michigan COpier 1995, 
Nielsen 1999). 
Michiganl Wisconsin2 
range span range span 
Brown 
Hoary 
Frosted 
Eastern pine 
18 April-16 July 89 
3 ApriI-3 June 61 
25 April- June 41 
5 May-6June 32 
18 April-ll July 84 
26 April-25 June 60 
25 April-13 June 49 
4 May-14 June 41 
26 April-6 June 
41 26 April-26 June 
61 
lfrom Nielsen (1999). 

2from 
Ebner (1970), Leuschner (1974-1975), Winter (1980-1982), Kuehn (1983), Pre­

ston 
(1983-1991), McKown (1992-1994), Minno 
and Minno (1995), Tuttle (1996-1999), 

and 
Table 
2. 

(11 May 1999). Th guard further against double-counting, on these dates as 
on the others, we moved past individuals with care and they usually did not 
flush. Even on 13 May 1998, when we recorded the most individuals ever, we 
moved easily from one frosted elfin to th  n xt with both remaining in view. 
We 
compared 
the phenology of the frosted elfin flight period to the timing 
of 
olympia 
marble adults and spring Karner blue larvae and adults (Table 8). 
During 
1992-1999 
in subregion 2, we recorded 1753 olympia marbles in for­
mal 
surveys on 54 
dates and 1659 Karner blue adults on 25 dates through 
the end of the 
frosted elfin flight period; 485 
spring larvae occurred on 46 
dates, 
346 frosted elfins on 52 dates. 
The first date for frosted elfin followed 
that 
for olympia 
marble by a mean of +8.6 days (range 0-21). In two years 
(1994, 1997) of the three when we first observed both species on the same 
date, 
no visits occurred 
in that subregion for 20 days prior, so we re un­
likely to have recorded earlier ates for either species. The first date for a 
mature Karner 
blue 
larva (? 13 mm in length) preceded that for adult frosted 
elfin by a mean of -1.0 days (range -7 to +l-i.e., preceding by 0-7 days ex­
cept following by 1 day in 1995). The first date for an adult Karne  blue fol­
lowed that for frosted elfin by ame n of +14.3 days (range +6-21), and fol­
lowed frosted elfin peak by a mean of +0.4 days (range -8 to +11). The first 
date 
of 
an adult Karner blue followed the frosted elfin maximum by a mean 
of 
+3.0 days (range 
-6 to +11). The least variable relationship to frosted elfin 
phenology was the first mature Karner larva (typically before first frosted 
elfin adult, and bracketing that date by only 8 days). The most consistent 
phenological mark rs in terms of sequence were the first olympia marble 
adult 
(never following 
first frosted elfin adult) a d first Karner blue adult 
(always after first frosted elfin adult). 
Weather, timing, geography_ Of the four analyzable 
species, 
only 
frosted elfin showed any significant influences of weather (temperature only) 
on observed density (Table 9). But we observed frosted elfins in nearly the 
full range of temperatures occurring on formal surveys in the species' flight 
period and range (15-32° out of 13-32°C). 
Likewise, 
we recorded brown, 
hoary, and astern pine elfins in temperatures ranging from 13-16°C to 
30-32°C, out of a possible 12-13°C to 30-32°C. 
Three of 
four elfins 
related significantly and negatively to crepuscular­
their observed densities increased the nearer to noon (Table 9). The 
10
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Table 4. First and last observation dates for each elfin, and median and mean dates if recorded on >1 day, by year in subregion 2. tv 0 
Brown elfin Hoary elfin Frosted elfin Henry's elfin Eastern pine elfin 0 0 
First-last dates 
1987 30 Apr 
1988 17 May-27 May 17 May-18 May 17 May-18 May 17 May 17 May-27 May 
1989 17 May 11 May-17 May 17 May 
1990 
1991 10 May-15 May 10 May- 5 May 20 May 10 May-29 May 
1992 27 May 20 May 20 May-Ol Jun 18 May-02 Jun 
1993 
1994 
11 May-Ol Jun 10 
May-22 May 
05 May-Ol Jun 
10 May-31 May 
11 May-05 Jun 10 
May-Ol Jun 16 May-17 May 
05 May-Ol Jun 
10 May-Ol Jun 
-i 
I 
m 
1995 
1996 
1997 
02 May-31 May 
07 May-06 Jun 
23 May 
05 
May-31 May 
21 May-06 Jun 
OS 
May 
15 
May-14 Jun 
20 May-12 Jun 
06 May-12 Jun 
15 May-30 May 
21 May-29 May 
05 May-06 Jun 
07 May-26 Jun 
26 May-ll Jun 
Q 
70 
m 
~ 1998 
1999 
All 
13 May 
04 May-22 
May 
30 
Apr-06 J un
2SApr 
04 
May 
28 
Apr-06 Jun 
05 May-26 May 
04 May-02 Jun 
04 May-14 Jun 
04 May 
04 May-30 May 
28 
Apr-26 May 
28 Apr-2  May 
28 Apr-26 Jun 
'>A 
m 
(.n 
m 
Median/mean dates Z 
-i 
1987 0 
1988 
1989 
1990 
1991 
1992 
17 
May/20 
May 
14 May/13 May 
17 May/17  
14 May/l May 
15 Mayl13 May 
18 May/18 May 
27 May/26 May 
17 May/IS May 
29 May/26  
20 May/22 May 
S 
0 
r­
0 
Q 
Vi 
-i 
1993 11 May/19 May 01 Jun/23 May 01 Jun/28 May 01 Jun/26 May 
1994 14 May/14 May 16 Mayl15 May 17 May/18 May 17 May/17  11 May/l7 May 
1995 15 Mayl14 May 17 May/20 May 30 May/26 May 16 May/21 May 17 May/22 
1996 21 May!20 May 28 May/27 May 29 May/29 May 25 May/25 May 29 May/27 May 
1997 03 Jun/ 2 Jun 03 Jun/04 Jun 
1998 13 May/lO May 13 May/11 May 
1999 11 May/12 May 1 May/12 May 19 May/15 May 
All 17 May/16 May 16 May/17  20 May/20 May 16 May/19 May 19 May/20 May 
lh 
lh 
11
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Table 5. Span of observation dates and total individuals recorded for each elfin, by y ar 
in subregion 
2. 
During 1994-1999, values are provided for years when we recorded no 
individuals of an 
elfin 
because survey dates were sufficiently frequent and broadly 
timed 
(Fig. 3) for 
that elfin's flight period likely to be covered anyway. 
Eastern 
Brown elfin 
Hoary elfin Frosted elfin Henry's elfin pine elfin 
span total spa  total span 
total 
span total span total 
1987 0 2 
1988 10 12 1 7 1 2 0 1 10 10 
1989 0 8 6 2 0 3 
1990 
1991 5 6 5 3 0 2 19 40 
1992 0 4 0 5 12 13 15 36 
1993 21 5 27 3 25 10 27 21 
1994 12 16 21 65 22 38 1 2 22 72 
1995 29 23 26 35 0 99 15 9 32 29 
1996 30 17 16 6 23 33 8 2 50 33 
1997 0 1 0 2 37 26 0 0 16 15 
1998 0 1 0 1 21 84 0 0 28 41 
1999 18 5 0 1 29 43 0 1 24 6 
1987-1999 
37 100 39 130 41 350 26 15 59 339 1994-1999 35 63 39 110 41 323 26 14 59 196 
Table 6. Coefficients (r) 
and P values for Spearman rank correlations between span of 
observation dates and total 
elfin 
individuals recorded in a during 1994-1999 in 
2, by individual years and for all years pooled (as Table 5). N = number of 
years x number of species in correlation; ns "" n t 
N r P value 
All individually 
elfin 6 +0.882 <0.05 
Hoary 
elfin 6 +0.893 <0.05 Frosted 
elfin 6 
-0.257 ns 
Henry's elfin 6 +0.938 <0.01 
Eastern pine 
elfin 6 +0.143 
ns 
All five elfin species 30 +0.789 <0.01 
All years pooled 
All five elfin species 5 +0.900 <0.05 
Table 7. Variation among years (difference in days) in first, last, median, and mean ob­
servation dates 
(Table 4) 
for each elfin in subregion 2 during 1994-1999. When a 
species was r orded on only e date in a year, that date counts as beginning, end, 
median, and mean date. 
Eastern 
Date Brown 
elfin 
Hoary elfin Frosted elfin elfin pine elfin 
First 
21 23 
16 17 28 
Last 
24 39 
19 26 35 
Median 
12 30 23 21 23 Mean 11 
29 23 21 24 
12
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Figure 4. Frosted elfin flight period recorded each year at Highway X, based 
on 147 recorded individuals (143 on formal surveys, 4 informally-either be­
fore/after formal surveyor on a visit of casual observation only) seen on 27 of 
46 dates for visits during the study period. 
eastern pine 
elfin also correlated significantly 
and negatively with increasing 
time of 
day. Nonetheless, 
the frosted elfin was observed in a wide range of 
timings 
(0710-1750 
hrs CST), nearly the entire range possible (0649-1812 
hrs), as was hoary elfin (0714-1715 out 
of 
0649-1715 hrs). We recorded 
brown 
elfin 
during 0753-1530 hrs (out of a possible 0649-1715 hrs) and east­
ern pine 
elfin 
during 0714-1618 hrs (out of a possible 0649-1715 hrs). 
Three of four 
species (except 
eastern pine elfin) covaried significantly 
with increasing latitude 
(Table 9), 
including frosted elfin, which occurred 
only in subregion 2 in a rather narrow latitudinal range (Table 1). Hoary 
elfin also covaried significantly with longitude (Table 9). 
Identical patterns 
of 
whether a test was significant, and in what direc­
tion, occurred in Mann-Whitney U tests for differences in weather, timing, 
and 
geography 
between unit surveys with the species recorded as present or 
not. 
Population monitoring. 
All four analyzable elfins 
fluctuated markedly 
in abundance among 
years, 
based on the mean of peak s vey totals at the 
same sites per year 
(Figs. 
5-7). These elfins all had a relatively high mean in 
1994 and low means in 1996 and 1997. Brown and hoary elfins were most 
similar in 
fluctuations 
and were the only species air (in all combinations of 
values in 
Figs. 
5-7) to correlate significantly in annual means (Spearman 
rank 
r",,+0.806, n=7 years, p<0.05). These peak survey totals varied little among years and sites 
for two 
elfins 
(0-5 individuals for brown and 0-4 for hoary elfins), but one site each 
for frosted and eastern pi e elfins had much higher peak survey totals than 
the other sites 
(Table 10). 
These "outlier" sites had by far their highest sur­
vey totals in 1998 (Figs. 6-7), and with these outlier sites included, both 
elfins had their highest annual means that year. But excluding the outlier 
13
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Table 8. Dates (MDD; e.g., 426 = April 26) of phenological events for olympia marble, frosted elfin, and spring Karner blue adults, and 
spring Karner blue 
larvae, 
in subregion 2 for each year during 1992-1999. 
marble Frosted 
elfin 
Karner blue 
nonel first2 last3 none1 first2 peak4 max.5 last3 none6 137 108 none1 first2 -; I 
1992 
1993 505 
505 
511 
528 
605 
506,518 
505 
520 
511 
601 
605 
601 
601 
601 
605 
602,610 
606,622 
518 
511 
518 
519 
521 
527 
526 
601 
m 
Q 
;;0 
m 
1994 510 601 510 517 517 601 604,606,613 510 510 520 522 ~ 
1995 426 502 606 505,509 515 530 522 614 516 516 530 531 ~ 
1996 507 606 507,513 520 528 528 612 625,626 520 520 530 601 
m 
1997 506 612 506 604 526 612 623 506 506 526 527 (tl m 
1998 428 513 428 505 513 513 526 602,622 428 506 512 513 Z 
1999 413 526 413,428 504 511 511 602 608 504 519 522 ~ 
lLast date 
no 
adults were observed prior to the first date adults were observed, based only on visits to site  where the species was 0 
ever recorded. 5 
"First date adults were observed. Q 
3Last date adults were observed. ~ 
4Date with highest mean relative density (individualslhour per unit survey), if> 1 site surveyed that date. 
5Date with highest relative density on a single survey. 
6First date no adults were observed after the last date adults were observed, based only on visits to site  where the species was ever 
recorded. 
7First date 13 mm or larger spring larva was observed. Cf 
8First date with mean of 10 mm or la ger for spring larvae, if >1 larva observed that date. ­w 
w 
z p 
• 
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Table 9. Spearman rank correlation coefficients of relative density (individualslhr, per 
unit survey) with 
geography, 
timing, and weather factors, with * for p < 0.05 nd ** for 
p < 0.01. N =546, 482, 713, and 899 unit surveys, respectively, during th  elfin species' 
flight period in all subregions in range. 
Brown 
elfin 
Hoary elfin Frosted elfin Eastern pine elfin 
Geography 
Latitude 
+0.153** +0.212** +0.148** 
-0.031 
Longitude 
+0.008 +0.228** +0.035 
-0.005 
Timing 
Crepuscularityl -0.130** -0.044 -0.113** -0.156** 
Time 
of 
day -0.063 +0.016 +0.044 - . 98** 
Weather 
Percent 
cloud cover +0.005 
-0.046 -0.062 -0.059 
Percent sunshine 
+0.008 +0.070 +0.040 +0.011 Temperature -0.029 -0.054 
+0.083* 
-0.026 
Wind speed 
+0.026 
-0.007 +0.015 +0.011 
INumber 
of 
hours from noon CST. A higher number is more crepuscular (i.e., nearer to 
sunrise/sunset. 
5 
-.-
Brown Elfin 
(7 sites) 
---0--
Hoary Elfin 
(5 sites) 
4 
>­Q) 
c: 
:l 
II> 3 
iii 
Co 
II> 
OJ 
:l 
"0 2
.s: 
'0 
.E 
• 
0 
1993 1994 1995 1996 1997 1998 1999 
Figure 5. Mean survey totals for brown and hoary elfins on the peak survey 
per site each year during 1993-1999 in subregion 
2 (Fig. 1). 
For each species, 
all analyzed sites had recorded the 
species 
in at least one of the analyz d 
y ars and had been surveyed each year in the 
species' flight period. 
15
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Figure 6. Mean survey totals for frosted elfin on the peak survey per site 
each year in 
subregion 2 (Fig. 1), 
both as all sites and as all sites except for 
the outlier site (Highway X, 
Table 10), 
which is presented separately. All ana­
lyzed sites had recorded the 
species 
in at least one of the analyzed years. 
Nine sites 
(top) 
aud 17 sites (bottom) were surveyed each year in the species' 
flight period during 1992-1999 and 1994-1999, respectively. 
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Figure 7. Mean survey totals for eastern pine elfin on the peak survey per 
site each year during 
1992-1999 
in subregion 2 (Fig. 1), both as all sites nd 
as 
all 
sites except for the outlier site (Stanton, Table 10), which is pres nted
separately. All analyzed sites had recorded the species in at l a t one of the 
analyzed years and had been surveyed each year in the 
species' flight period. 
Table 10. Variation among years in peak survey totals, as analyzed for population 
monitoring of 
frosted 
and eastern pine elfins (Figs. 6-7), between the outlier site with 
the highest survey total and the other 
sites. 
Outlier sites had the highest relative den­
sity 
(individualslhr). Outlier site Other sites 
mean range mean 
Frosted 
elfin, 
1992-1999 9.4 1-36 0.8 0-7 
Frosted elfin, 1994-1999 12.2 5-36 0.9 0-7 
Eastern pine elfin, 1992-1999 5.8 0-26 1.1 0-16 
sites, these elfins' annual means in 1998 were much lower than in two or 
more other years. For both 
frosted 
and eastern pine elfins, peak survey totals 
at the outlier site 
did 
not relate significantly in Spearman rank correlations 
with the annual means 
for 
the other sites. 
We calculated annual means for frosted elfin both for 9 sites during 
1992-1999 and 
17 
sites during 1994-1999. Annual means for these two 
groups of sites covaried significantly (Spe rman rank correlation r = +0.886 
including outlier site and r +0.870 excluding it; n =6 years, p<0.05). 
For the sites analyzed 
from 1992 
or 1993 through 1999, the proportion of 
sites with any 
individual(s) of 
the species recorded on the peak survey was 
similarly 
low for 
all analyzed elfins i  1993 and high in 1994 (Fig. 8). Other­
wise these proportions were desynchronized among years, and 
no 
species 
pairs related significantly in Spearman rank 
correlations. 
Within species, 
17
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Figure 8. Percent of peak surveys each year with the elfin species recorded as 
present at sites analyzed 
for 
population monitoring from 1992 or 1993 
through 
1999 (Figs. 5-7), 
by year. 
this 
presence/absence proportion did covary significantly 
in Spearman rank 
correlations with the annual mea  of peak survey totals (cf. Fig. 8 to Figs. 
5-7) 
for 
brow>!, hoary, and frosted elfins (for thi  last species, both including 
or 
excluding 
outlier site), but no  for eastern pine elfin. For both frosted and 
eastern pine 
elfins, 
the outlier site (as described in Table 10) had the highest 
rate of presence 
on 
peak surveys and all surveys. 
For 
brown, hoary, 
and eastern pine elfins, the proportion of peak surveys 
recording the species per y ar was <50% in more than half the years (Fig. 8). 
In the majority of years, the median 
of 
the peak survey totals was O. For 
frosted elfin, with the outlier site included (as in Fig. 8), this proportion was 
<50% in three years and >50% in five years (median always 1). Excluding the 
outlier 
site, 
this proportion was <50% in three years, at 50% in three (with a 
median of 
0.5 
individuals-this being the mean between 0 and 1 as necessi­
tated 
by 
the even number of sites analyzed), and >50% in two (median al­
ways 1). For all nalyzed elfins (with or without outlier sites), positive medi­
ans 
were 
usually 1 and never >2. Use ofthe median would alleviate skewing 
of the mean annual index by the outlier site in the outlier year, but at great 
loss of resolution, since the medians reduced the analysis nearly to pres­
ence/absence, with absence usually occurring in more years than presence. 
When these sites were ordered by the proportion 
of 
years any individ­
ual(s) of the species were recorded in th  peak survey, slopes were fairly lin­
ear 
(Fig. 9), 
with brown very similar to hoary elfin, and frosted to eastern 
pine elfin. For the proportion of all surveys during the species' flight period 
with any 
individual(s) recorded, all four elfins 
had similar curvilinear de­
clines (Fig. 10). 
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Figure 9. Percent years each elfin was recorded as present on the peak sur­
veys at each site analyzed for population monitoring from 1992 or 1993 
through 1999 
(Figs. 
5-7), in descending order of percent. 
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Figure 10. Percent surveys each elfin was recorded as present on the peak 
surveys at each site analyzed 
for 
population monitoring from 1992 or 1993 
through 1999 
(Figs. 
5-7), in descending order of percent. 
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DISCUSSION 
Since the study sites in subregion 2 were strongly biased toward frosted 
elfin habitat (areas with wild lupine, the larval host), the relative abundance 
of 
frosted elfins 
in this study, compared to brown, hoary, a d eastern pine 
elfins, is not representative of their distribution and abundance in that sub­
region overall. The latter three elfins often occurred in frosted elfin localities, 
but 
also 
in a variety of sites lacking lupine. Thus, the more localized occur­
rence of the frosted elfin, relative to these three elfins, is not readily appar­
ent 
from 
summary statistics of our results (Table 1). Henry's elfin also oc­
curred in non-lupine sites, but very 
few 
were recorded anywhere in this 
study. It is unclear whether we would have encountered more Henry's elfins 
if we had surveyed other places, but it is highly likely 
we 
would have 
recorded brown, hoary, and/or eastern pine elfins in additional sites (bogs, 
pine plantations, sandy uplands 
lacking 
lupine) had we visited them. 
Detectability also affects the relationship between numbers seen and ac­
tually present. We 
observed all 
the study species flying upward out of sight, 
particularly in interactions with other 
elfin(s), 
but it is our impression that 
the species with herbaceous or short shrubby hosts (brown, 
hoary, 
and 
frosted elfins) seemed more often to perch below eye level and engage in hori­
zontal flight. It is unclear what host(s) Henry's elfin uses in Wisconsin, but it 
and eastern pine 
elfin 
(tree host) readily flew sky ard when disturbed. We 
observed all the study species to engage in rapid flight we could no track, 
but 
frosted elfins 
tended to be most sedentary and short and slow in flight 
(Swengel 1996). All these factors would make the frosted elfin relatively 
more 
detectable 
than the other elfins. 
Elfin flight periods. Comparisons of these elfins' cumulative flight 
spans between 
Michigan 
and Wisconsin (Table 3) suggest that, with more 
records in more year , the span for Henry's elfin in Michigawill likely in­
crease, as should those for brown, hoary, and eastern pine elfins in Wiscon­
sin. Despite the eastern pine elfin being the most widespread and abundant 
elfin in Wisconsin (Eb er 1970, Opler 1995, this study), the fewest records 
were 
available for 
determining its cumulative flight span, since Ebn r (1970) 
described its flight period wi hout precise dates and records for this common 
species are rarely published (Leuschner 1974-1975, Winter 1980-1982, Pre­
ston 1983-1991, 
McKown 
1992-1994, Minno and Minno 1995, Tuttle 
1996-1999). By contrast, Nielse  (1999) determined Michigan flight spans 
for all the elfins based on decades of records. Thu , the longer spans reported
for more elfins  Michigan t an Wisconsin (Table 3) agree with the positive 
correlation of number of observed individuals with flight spans in this study 
(Table 6). However, for individual species, a threshold seemed to occur above 
which additional recorded individuals did not contribute significantly to an 
increased 
flight 
span in a given year (Table 6). This limit is likely reached 
more quickly within a given year because of the constraints of phenology on 
flight period. When pooling records from many years, the very wide range of 
phenologies allows a much larger cumulative span than observed in a single 
year 
(Table 4). For 
all elfin 
study species, th  mean and median observation dates in the 
earliest 
year(s) occurred before 
the first observation date in the latest year(s) 
(Table 4). Even the long-t rm mean and median dates occurred before the 
first date in the latest 
year(s) for all species except 
all these dates were the 
same 
for 
frosted elfin (Table 4). Despite considerable dissociation among 
years in 
flight periods, 
they did overlap at least some in mo t years. During 
1994-1999, the flight periods of the four analyzable elfins in individual years 
averaged about half the cumulative flight span 
for 
all those years. Since 
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flight spans for butte flies are often reported as first and last dates from a 
pool of years (e.g., Glassberg 1999, Nielsen 1999), these percents provide 
some indication of how much of that span a flight period is likely to cover in 
a given year. 
In contrast to the considerable phenological variation between the 
Karner blue and gypsy moth (Lymantria dispar L.) (Herms et a1. 1997), 
frosted elfin phenology corresponded to that for olympia marble and Karner 
blue rather 
consistently (Table 8), especially given 
the approximate dating in 
th s study 
since we could 
not sample every day or every other. To obtain and 
apply these 
phenological 
markers in future surveys, a pool of sites should be 
sampled, since a single site may have low numbers of these other butterflies 
in 
those year(s). 
Based on a pool of sites, olympia arble adults, and then 
mature Karner 
blue 
larvae, appear before frosted elfin adults, and the first 
spring Karner blue adult indicates that the frosted elfin flight period is 
around peak or maximum 
by 
about :1:1 week. These phenological markers 
would be particularly useful in surveys for frosted elfins at s tes where few (if 
any) may be seen, as it still appears possible to validate the appropriate time 
for fielding surveys. 
Weatber, timing, geograpby. Analyses indicated virtually no signifi­
cant 
effects 
of weather on observed densities of the four analyzed eifins 
(Table 9), and we recorded them in broad ranges of weather conditions. Three 
elfins significantly related to time of day, especially n arness to noon (Table 
9), although all were detected in a wide range of daily timing. Three elfins 
significantly related to latitude and/or longitude within their 
Wisconsin range. Thus, it appears that 
location 
within range and daily timing, as well
as 
flight period 
timing (discussed above) re more imp tant for elfin detec­
tion than weather, within the broad range 
of conditions 
in which any butter­
ly activity is apparent. 
Population monitoring. In 
a few 
years, abundance was higher or lower 
for eifins generally (Fig. 8), but only brown and hoary elfins correlated signif­
icantly with each other in annual 
fluctuations. 
Thus, the elfins' marked an­
nual fluctuations 
(Figs. 
5-7) were desynchronized for most species-pai s. 
Some de synchronization also occurred within species, bas d on non-correla­
tion of annual 
indices 
between the outlier and other sites for frosted and 
eastern 
pine elfins (Figs. 
6-7; see Results). An outlier site experiencing an 
outbreak year can heavily 
influence 
the mean annual index, which would 
then 
become a less 
accurate representation of the annual fluctuation for the 
pool of sites. 
For 
frosted elfin, 
nearly doubling the pool of sites from nine to 17 did not 
markedly alter the analysis of annual 
fluctuation, since 
their mean annual 
indices covaried significantly. This implies that the smaller pool was suffi­
cient 
to 
characterize annual fluctuations. However, this was a narrow analy­
sis. All sites had ever recorded the species uring the period of analysis and 
we recorded pres nce at slightly more than half the sites in >50% of the 
years. If these 
proportions 
were lower, a larger number of sites would be nec­
essary. Moreover, to obtain the sample of sites used in the analysis, we actu­
ally conducted consistent surveying at additional sites of plausible habitat 
where 
we failed 
to record frosted elfin. Since this analysis only covered six 
years, we 
did 
not address turnover (extirpation and founding f populations), 
which is an important element of long-term population monitoring. A sample 
of nine sites 
would 
likely be inadequate for r bust population monitoring 
over the long term, especially for a rare species with typically low density 
populations, volatile flight period timing and abundance, and potential popu­
lation 
turnover. At 
only one monitoring 
site for one species (Highway X for frosted elfin) 
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was the species recorded as present in each year we monitored, although the 
frosted 
elfin 
was the elfin we most concentrated on finding each year (by fo­
cusing site 
selection 
in subregion 2 on frosted elfin habitat). While all moni­
toring sites had at least 
one record 
of the elfin species being monitored, some 
sites may not have supported regularly resident populations of the 
species. But other sites likely 
did, 
yet with frequent observations of th  species at 
these sites, 
we 
still did not record the species th re each year, much less on 
each survey during the 
species' 
main flight period. The percent sites where 
the 
species 
was recorded as present covaried significantly with that y ar's 
annual mean of the peak survey totals 
(Figs. 
5-7) for most analyzed elfins. 
This indicates that the ability to document presence of an 
elfin 
relates to the 
species' abundance (annual fluctuation) that year. 
Summary. Since elfin abundance and phenology vary considerably 
among years, the appropriate time 
for 
detecting these species' adults must be 
determined individually 
for 
each year. For the frosted elfin, it was especially 
valuable 
to 
survey the Highway X corridor often with n and among years, as 
this was our most reliable site 
for 
observing this species. Given th  fewer and 
more erratic observations at the other sites, we 
could 
have become discour­
aged and ceased surveying them 
before 
the flight period was over, although 
we sometimes obtained the survey with peak (or any) numbers at these sites 
late in the flight 
period. 
With the intensity of surveying and types of popula­
tions sampled here, our results indicate that it is unlikely an elfin 
species 
will 
be recorded each year even at sites where resident populations likely 
occur consistently. In the last few years, we recorded some elfin species only 
on one date in all of subregion 2, although we visited a number of sites with 
regular 
occurrence 
of species throughout the season of its cumulative flight 
span. Since the ability to demonstrate presence of these elfins varies among 
years due 
to 
variation in annual abundance and flight period length, assess­
ments of their status and abundance cannot be reliably based on surveys at 
only a few 
sites or in a few years. 
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